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SUMMARY

This year’s research effort was centered around two areas of activity: the completion of
optical devices to measure aerosol scattering along with their associated calibration mech-
anisms, and the analysis of data obtained in a unique field experiment of opportunity con-
ducted in cooperation with several other investigators. Since most of the progress concerning
the instrument development portion of the research was presented in the quarterly reports,
this report will focus on the results and interpretation of the field measurements.




AEROSOL OPTICAL PROPERTIES
OF THE FREE TROPOSPHERE

Introduction

The field program mentioned in the summary involved nearly simultaneous measurements
of the physical and optical properties of boundary layer and free tropospheric aerosols near
Boulder, Colorado nsing aircraft, balloon, and ground based scnsors, and was conducted [o1
the purpose of obtaining a diverse. self- consistent data set that could be used for testing
optical model calculations based on measured physical characteristics such as apparent size
distribution, composition, and shape.

Although the applicability of Mie scattering calculations to spherical aerosol particles of
known size distribution and composition is on a solid theoretical foundation, very little 1s
known of the applicability of the same calculations and assumptions when applied to reai
atmospheric acrosol polydispersions of poorly known particie shape and composition. The
size distribution is a critical component in the Mie calculations and is often determined
from measurements with optical particle counters, which in turn are calibrated and the data
analyzed in terms of spherical particles of known composition. Thus, the size distribution
determined in such a manper may be relatively meamugies. for quantitanve appiications
An important question addressed in this report is the following: How accurate and reliable
are the predictions of standard Mie scattering calculations when hased on siae dintibaiois
“measured” in the boundary layer aud free troposphere with commonly used optical particle
counters whose calibration and response is interpreted under the assumption of spherical
particles?

The field measurements reported here were centered around obtaining a data set com-
prehensive enough to test quantitative acrosol scattering calculations and relationships for
acrosols found throughout the troposphere. These measureients were made simultaneously
(or quasi simultancously) and involved observations of diverse aerosol properties using a
variety of in situ airborne and ground based remote sensors.

The measurements took place on three evenings near Boulder, Colorado in a cooperative
cffort with several other research facilities. The first field observations were on July 26,
1989 and the second set of measurements took place on May 23 and 24, 1990. Two reports
[Bodhaine et al.. 1990, 1991a] present the basic and uninterpreted data obtained during these
experiments,

[nstrumentation

There were four scparate measurement systems involved: NOAA s fustrunented King Air
aircraft, a ruby lidar (694.3 nm) and the University of Wyoming balloon borne backscatter-
sonde. The aircraft was under the direction of NOAA's Climate Monitoring and Diagnostics
Laboratory (("MDL) and Aic Resources Laboratory (ARL).

Both lidars were operated by NOAA’s Wave Propagation Laboratory (WPL), and the
balloon borne backscattersonde measurements were conducted by the University of Wyoming
Atmospheric Physics Group {APG).

A detailed description and performance capabilities of the instrumentation and sensors
cmployed in the experiment has been given by Bodhaine et al. {1991a, 1990]. The general




nature of the aircraft platform has been given by Wellman et al. [1989]. Therefore, only an
abbreviated description of the instrumentation is needed here.

Particle Counters

The optical particle counters (Particle Measuring Systems’ laser particle spectrometers
ASASP-100X and FSSP-100) arc commercially available instruments in widespread use.
Their application to the aircraft and calibration for various refractive indices has been dis-
cussed by Kim and Boatman {1990a, 1990b]. It should be noted that the sensing volume of
the FSSP- 100 probe is in the free air stream external to the aircraft and does not experi-
ence an-isokinetic sampling problems. However, its sampling rate is relatively small and in
regions of low aerosol concentration, such as the free troposphere, the sample time required
to obtain statistically significant data may become guite large. Unless otherwise noted, the
ASASP and FSSP profiles utilized here employ 1 min averages.

[mpactor

The cascade impactor is a PIX1S Corporation five stage single orifice device. The equiva-
lent aerodynamic cutofl diameters (EACD’s) for the five stages are as follows: stage 5, 4um;
stage 4, 2 um, stage 3. ly; stage 2, 0.5 pm; stage 1, 0.25 pm. Although these cuts are
altitude dependent, the effect is not important to the experiment, because the collections
were only used to indicate the chemical composition for two gross size ranges: fine and
coarse. Budgetary constraints limited analysis to stages 1, 3 and 5. The elemental composi-
tion of individual particles was determined through encrgy dispersive x-ray analysis, which
was performed with an ultra thin window x-ray spectrometer interfaced with an analytical
electron microscope. With this spectrometer, light elements such as carbon and oxygen are
observable in individual atmospheric particles. More details concerning the operation of this
sampling device. its application to the aircraft and the analysis of the collected aerosol is
given by Sheridan et al. [1991).

CN Counter

The General Electric condensation nucleus (CN) counter (model 1121428G1) is a modified
version of a commercially available instrument in relatively widespread use [Bodhaine and
Murphy. 1930]. Because of the potential possibility of air leaks in this sensor, it must be
operated at aircraft cabin pressure. This was accomplished by employing an air sample
compressor device ahead of the instrument. Laboratory experiments indicate that a loss of
about 20% in ('N concentration can be attributed to the compressor. The data shown here
have been corrected for this loss. The particle sizes detected by this instrument are roughly
0.01 pom and larger.

Nephelometer

The operation, characteristics. and calibration of the three wavelength nephelometer (449,
536 and 690 nm) have been described in detail by Bodhaine et al. [1991b]. For the aircraft
application. an air inlet and downstream pump with air exhaust to the outside of the air-
craft provides about 200 LPM airflow through the nephelometer and allows operation at
ambient pressure regardless of aircraft cabin pressurization. Air pressure and temperature
measurements made inside the nephelometer make it possible to apply a small correction
to obtain the true ambient scattering characteristics. The data have not been corrected for
possible loss of particles in the intake tube by processes such as sedimentation, impaction,




and evaporation. In the vertical profiles reported herc, the nephelometer data have been
averaged for 10 seconds giving an effective vertical resolution of about 22 meters.

The particular nephelometer employed in the experimnent integrates the scattered light
over the angles 7°- 170°. Since the amount of light scattered into the 0°rc-7° and 170°-
180° angular region is relatively small for the particle sizes encountered, the nephelometer
provides a measure of the total aerosol scattering which is equivalent to the extinction if the
particles are non absorbing (no imaginary component in the index of refraction).

Aethalometer

The Aethalometer (Hansen and Rosen, 1984) was specially constructed for application on
the NOAA King Air aircraft. This instrument uses a light diffusing filter that continuously
accumulates aerosol while illuminated by a lamp. Two photocells measure the intensity
of the light from two portions of the filter: one is the sample signal from the area where
aerosol is accumulating, and the other s a reference signal from an area where no aerosol
is accumulating. Only the absorbing component (imaginary part of the index refraction)
will contribute to a reduction of intensity in the sample beam. The decrease in the ratio of
the sample to reference beam intensities as a function of time is calibrated in terms of the
equivalent concentration of carbon being drawn through the filter, and a value is reported
every 10 seconds. A large pump pulls air through the filter at a measured flow rate exceeding
30 LPM. The exhaust line from the pump is routed directly to the outside of the aircraft. The
acthalometer measured aerosol absorption during both {lights of the May 1990 experiment.
but was not employed in the July 26. 1989 experiment.

Ruby Lidar

The ruby lidar system, operating at 691 nm wavelength, has been in intermittent use at
Boulder, Colorado for a period of about 20 hr and is employed primarily for the monitoring
of stratospheric aerosols. It transmits one pulse once very 3 seconds and typically requires
an average of several hundred pulses to retrieve a statistically significant backscatter profile.
Thus a profile can be obtained about every 10 minutes. The problems associated with the
calibration of ruby lidar systems and the methodology of data analysis have been discussed
by Russell et al. [1979) and by Likura et al. [1987).

Backscattersonde

The backscattersonde is a simple and relatively new balloon borne sensor. It employs
a quasi collimated beam from a xenon flash lamp and sense the light locallv backscattered
at two sclectable wavelengths. One vertical profile with a resolution of about 30 m (as
determined by the flash lamp frequency and balloon rise rate) is obtained on ascent. During
the field measurements, one of the backscatter wavelengths was always chosen to be 940 nm
and the second wavelength was selected as either 700 (26 July 1989, 23 May 1990) or 480 nm
(21 May 1990). Standard meteorological parameters (pressure, temperature and humidity)
are also measured with a modified Vaisala radiosonde under microprocessor control, which is
an integral part of the sounding instrument. A more complete description of the instrument
and its calibration is given by Rosen and Kjome [1991].

Logistics of the Experiment

On a typical experiment evening. the ruby lidar would start operation shortly after local
cunset and continue obtaining profiles at 30 min intervals until undisturbed profiles were




consistently obtained under relatively cloud free conditions. At this time the aircraft took
off from a local airport and began collecting data on a uniformi ascent to about 400 mb
(about 7 km).

The balloon launch was scheduled so that its ascent and that of the aircraft would approx-
imately coincide. Obvious physical and practical constraints did not permit the respective
profiles to be taken from exactly the same air parcels. However, since the atmospheric con-
ditions were relatively stable as determined by comparisons of ascent and descent profiles,
the effect of this deficiency is probably not significant for most parts of the profiles.

Results

Particle concentration profiles obtained during the first field experiment for three typical
particle sizes and for CN are shown in Figure 1. These results illustrate the diverse profiles
that can he obtained in various size ranges. For example, the profile associated with particle
diameter = 0.57 um shows a layer near 500 mb which is not evident in the smaller particle
profile and appears as a layer deficient in concentration for the larger particles. The structure
in the CN profile seems relatively uncorrelated with the larger particle profiles and does not
show a decrease in concentration above the boundary layer as defined by the location of the
temperature inversion. It s not ilnmediately obvious at this point what the net contribution
1s of particles in and near the 500 mb layer to the optical scattering characteristics: Will this
be a laver of relatively low or high scattering characteristics?

Figure 2 presents similar results for the second field experiment but includes the black
carbon concentration profile and a comparison of ascent/descent profiles. Again, some corre-
sponding features are evident in both the particle counter and CN profiles, but there are also
many significant differences so that it would appear to be impossible to deduce one of the
profiles given the others. The structure in the black carbon profile is not strongly correlated
with features in the particle profiles and does not show the distinctive sharp decrease above
the boundary layer. Thus, it is not possible to clearly associate the particles containing black
carbon with a specific particle size profile.

Some notable differences in the ascent and descent structures can be seen in Figure 2.
The particle concentration profiles on both May 23 and 24 show some differences near and
at the top of the boundary laver (about 500 mb). These differences are thought to be real
and probably reflect modest changes in the atmospheric conditions. The apparent shift in
altitude of the ascent and descent C'N profiles is undoubtedly an artifact probably due to a lag
time associated with a delay of the air sample reaching the sensor. The systematic difference
between the ascent and descent black carbon profiles at low concentrations is now known to
be an instrument artifact caused by a pressure change rate effect on the filter opacity. To
a first approximation, the correct black carbon concentration would be the average of the
ascent and descent data.

Figure 3 shows a comparison of the particle concentration profiles and the various optical
scattering profiles  To be consistent and for case of comparison, mixing ratio units have
been nsed for the aerosol concentration. The nephelometer and backscattersonde aerosol
scatter ratio (aerosol/Rayleigh) is effectively a mixing ratio.  Another often used quan-
tity (which is not a mixing ratio) is the nephelometer and backscattersonde scatter ratio:
{aerosol 4 Rayleigh)/Ravleigh. Note that aerosol scatter ratio = scatter ratio - 1.

AL of the profiles in Figure 3 refer to the time period of aircraft and balloon ascent
cxcept for 23 Maye Sinee ithe nephelometer was not operating during ascent on this date,




only aircraft descent profiles are shown.

Figure 3 shows excellent agreement in the fine profile structure as obtained with the
nephelometer and backscattersonde, even though each instrument is scnsitive to different
aerosol scattering properties. The aerosol particle concentration profiles have somewhat
lower resolution, but nevertheless reflect the same structure as seen with the nephelometer
and backscattersonde. The lidar profiles as illustrated are significantly lower in vertical res-
olution, but are generally consistent with the structure shown in the other aerosol scattering
measurements.

Although there is only modest agreement in the backscattersonde and ruby lidar profile
structure in the troposphere. the general shape of the complete profile and agreement in
absolute value appear to be quite satisfactory, as illustrated in Figure 4. Here, two ruby lidar
profiles obtained on 23 May during balloon ascent are shown along with the tropospheric
bachscattersonde data at 700 nm wavelength. Unfortunately there was a balloon failure near
9 km on this date and no stratospheric data were observed. The backscattersonde data shown
above 10 km in Figure 1 were obtained at Laramie, Wyoming (150 km north of Boulder)
a few weeks later. However, the stratospheric aerosol was very stable during this period of
time, and soundings made before and after the experiment showed very little difference in
the stratosphere. Thus, it is believed that Figure 1 represents a valid comparison of the
backscattersoude and ruby lidar over their entire operating altitude range.

Aerosol sampling with the 5 stage cascade impactor was performed over just two altitude
ranges on both evenings of the second experiment: one sample was obtained in the planetary
boundary layer and the other sample was collected in the free troposphere.

In the high and low altitude samples, about 85% of the fine particles (stage 1 collections)
were classified as ammonmum sulfate. Other particle groups were identified as composite
sulfate/crustal (about 4%), crustal (about 5%), and carbonaceous/non-spherical (about 3%).
The crustal group is rich in silicon and aluminum.

The coarse particle samples (stage 3 collections), did not show a consistent altitude depen-
dent composition. Approximately 31% of the particles were classified as ammonium sulfate,
7% as composite sulfate/crustal, 43% as crustal, 5% as carbonaceous/non-spherical and 3
percent as iron-rich. A statistically significant number of particles were not collected on
stage 5, but they appeared similar in composition to those collected on stage 3. More detail
concerning the exact definition of the various groups such as crustal and carbonaceous has
heen given by Bodhane et al.. 1991a.

Particles collected by the impactor in all of the samples were largely external mixtures
of the dominant fine sulfates. some larger crustal derived particles and the less frequently
encountered carbonaceous particles. Composite particles were observed, but typically near
the 5% level.

Comparison of Nephelometer and Backscattersonde.

For the purpose of discussion below, the ratio of the nephelometer scatter ratio to the
backscattersonde scatter ratio will be useful. In making this calculation, the profiles from the
two sensors have been vertically shifted slightly so that there is optimal correspondence in
the structure. This minor shift is probably a result of the samples not being made in exactly
the same air parcel and a time lag in the effective response. Figure 5 shows the ratio of
the instruments’ response averaged over 2 mb altitude intervals. Data appear to be grouped
tin two regions of the chart which correspond to data {from the planetary boundary layer
(higher values) and from the free troposphere (lower values). A standard regression, straight




line fit has been performed using all of the data points. although a liuear relationship is not
necessarily expected. As the data points approach the origin (1.1] both instruments should
read the same value, namely 1.00. Although the regression fit does pass reasonably close to
the origin, there is a noticeable slight offset, but that is probably within the net experimental
uncertainty. The straight line could be made to pass directly through the origin by adjusting
or applying a small constant background signal to one or both of the instruments.

Much of the data scatter in Figure 5 can be attributed to points occurring near large
gradients in vertical aerosol structure. In this situation, a small error in the corresponding
corrected altitudes of the instrument platforms will lead to a relatively large error in the ratio
of the response of the instrnments. ‘lo address this problem in the May 1990 experiments,
data were averaged over six well defined altitude regions or lavers where the aerosol properties
remained relatively constant. These layers are identified and numbered along the altitude
scales in Figure 3. A comparison of the nephelometer and backscattersonde for the six layers
on May 23 is shown in Figure 5. These data show less scatter and are consistent with an
“eve fit” straight line passivg throveh the etigir. Backscattersonde data for 700 nm are not
available for Mayv 21.

The reader should be reminded that Figures 5 and 6 do not represent a universal re-
lationship between the nephelometer and backscattersovde, The results apply only to the
aerosol physical properties and vertical structure that existed during the field experiments.
The mmeas:rements would need to be repeated many more times before an attempt could be
mad to identifv a statistically significant result relating to atrsospheric aerosols.

Aerosol Optical Model ("alculations

Aerosol characteristics relevant to optical model caleulations are size distribution, index of
refraction as dictated by composition, and particle shape. An examination of how calculated
model results are influenced by uncertainties in the input data is also important. Without
an estimate of the uncertainties, it 1s impossible to assess the significance of the results or
possible diserepancies that may oceur between the measured and calculated quantitices.

Index o Refraction

The observed dry aerosol composition as discussed above suggests an index of refraction
in the tange of 1.50 + .03 in the visible. Since the ambient relative humidity was well
below 100% for most of the measurements, water incorporated in the particles probably
did not significantly influence the index of refraction. The carbonaceous component of the
sampled acrosol suggests a small absorbing component or imaginary part to the refractive
index. The magnitude of the imaginmary component can be estimated from the black carbon
measurements. Table 1 suggests that black carbon made up about 2% of the total aerosol
during the field measurements. Assuming that the black carbon has the same imaginary
index of refraction as soot (which is approximately -.131 Kent et al.. 1983) and using a simple
minded volume averaged calculation, the first guess for the effective imaginary component
for the aerosols should be roughly -.00861. To be consistent with values in general use, we
have «hosen a slightly smaller value (-.0061) [Kim and Boatman. 1990a; Kent et al.. 1983]
for mitial calewlations involving an absorbing component.

Rather than using a single value for the index of refraction. an ensemble of values has been
chosen so that the sensitivity of the final results to the refractive index can be estimated.
Table 2 gives a list of the imdices considered as well as a suggested physical identification of




the acrosol based on the acrosol models of Shettle and Fenn {1979] and as further utilized
by Kim and Boatman [1990a,b] and Kent et al. [1983].

Particle Shape

As expecied, electron microscope photographs indicate that the particles collected by the
impactor were non-spherical [Bodhaine et al., 1991a). On the other hand, the particles were
not extremely irregular in shape. Thus, the calculations being performed here are probably
not a severe test of the spherical particle assumption.

Size Distribution

For both periods of the ficld experiments, size distribations were determined using the
ASASP and FSSP instruments. The cascade impactor was not used for this purpose. Both
of the optical particle counters were calibrated with spherical particles of known index of
refraction. Since the response of these counters is well characterized, the calibration for
spherical particles with other indices of refraction can be reliably calculated [Pinnick and
Auvermann, 1979; Garvey and Pinnick. 1983; Kim and Boatman. 1990a,bj.

Even though particle concentration information is available at one minute intervals or less,
usually considerably more tine is needed to obtain a statistically significant size distribution.
For this reason, the size distribution has been determined for a few easily identifiable layers
and regions as defined along the altitude scales in Figure 3. For reference. cach laye: has
heen numbered on cach date starting at the highest layer. Average values of the aerosol
physical and optical parameters have been computed for these layers.

An ensemble of possible size distributions is generated {or cach layer using the following
procedure: To obtain one candidate size distribution, an index of refraction is selected
(in sequence) from the ensemble of possible values and the corresponding particle counter
calibration (channel number or response vs. size), assuming sphesical particles, is then
determined. A two mode log normal curve is it to the resulting size distribution data using
the technique described by Horvath et al., [1990] and the entire procedure is repeated for all
of the indices of refraction in the ensemble. Three log normal parameters for each mode are
obtained: N, is the total particle concentration, Iy or ry is the geometric mean diameter or
radius, and o, is the geometric standard deviation defined such as that for a mono dispersed
acrosol, o, = 1.

For each laver. using the ensemble of size distributions defined by the corresponding
ensemble of refractive indices, the response of the nephelometer and backscattersonde at the
appropriate wavelengths were calculated using Mie scattering theory. The small dependence
of index of refraction on wavelength has been neglected for these calculations. Since the
backscattersonde and ruby lidar are essentially equivalent, the ruby lidar backscatter has
not been calculated.

For each layer and cach index of refraction chosen, a set of calculated scattering values
is obtained and can be compared with the measured values. As expected, some assumed
refractive indices give better overall agreement with measurements than others. The values of
refractive index giving the optimal simultancous agreement with the nephelometer (3 values
corresponding to 3 different wavelengths) and backscattersonde (2 values corresponding to 2
different wavelengths) are shown in Table 3. Using these optimal values of refractive index,
the overall comiparison of model prediction and measurement is summarized in Figure 7.
Ilach point in this figure is derived from a caleulated and measured value for a given layer,
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a particular instrument (backscattersonde or nephelometer), and for one of the possible
wavelengths associated with the instrument.

Discussion

Except for the imaginary or absorbing compounent, the optimal values of the refractive
indices as shown in Table 3 are quite consistent with the range of values suggested from the
chemical composition. The best results are obtained by neglecting the imaginary part of the
refractive index, even though the aethalometer and impactor results indicate the presence
of at least some absorbing aerosol. The estimates made above for the magnitude of this
compouent are apparently too large and probably represent an upper limit. Qur estimates
of the index of refraction are consistent with those reported by Spinhirne et al. {1980] who
have used a combination of optical methods to deduce a mean aerosol index of refraction for
the boundary layer of 1.52- .003i.

The rather good agreement between calerdated and inecasuced optical properties as shown
in Figure 7 1s better than we imitially anticipated and could be due to the fact that the aerosols
were probably quasi spherical. The experiment would need to be repeated for a wider varicty
of aerosol conditions before a firm conclusion could be established. Nevertheless, the results
of this work indicated that. at least under some conditions, acrosol optical properties in the
boundary layer can be adequately estimated using size distributions obtained from optical
particie counters.

The fact that reasonable agreement has been achieved for the comparisons shown in Figure
7 suggests that the spherical particlie assumption does not necessarily lead to inaccurate
results. Efforts to directly determine the response of the ASASY to uniform non-spherical
particles (doublet spheres) indicate that the instrument responds to these particles as it
would to spheres of equal volume [Pinnick and Rosen. 1979]. This earlier work also suggests
that optical particle counters can produce meaningful results when applied to aerosol systems
of non- spherical particles.

The high quality gnasi simultaneous nephelometer and backscattersonde measurements
obtamed in the field measurements can be used to determine a very uvseful, but not well
Kaown. conversion factor that allows the derivation of optical depth from lidar profiles This
is ‘he <o called acrosol extinetion- to backseatter ratio frequently reported m units of k™!
[(kra™ a7 ) or sr. As mentioned above, the nephelometer is a measure of the extinction if
thete 1s no signiticant absorbing component to the particles. as was apparently the case for the
observed acrosols. Figure 5 indicatles an acrosol extincetion-to-backscatter ratio (at about 700
nm) of 2.3 to 3.6 and Figure 6 indicates a value of 2.5, According to elementary scattering
considerations these numbers need to be multiplied by 87 /3 (the Ravleigh extinction-to-
backscatter ratio is 21 £ 6 sr. For comparison, Spinhirue et al. [1930] have reported values
of 19.5 £ 8.3 sr for the mixed boundary layer at the same wavelength.

Conclusions

The results of the work reported hiere suggest that optical particle counters can pro-
duce meaningful size distribations i a statistical sense for vptical model caleulations in the
boundary laver and free troposphere. in spite of the fact that the particles are non-spherical.
However, the himited amonnt of experience prevents this conclusion from being universal.




Combined soundings of the nephiclometer and backscattersonde can lead to a relatively
direct determination of the extinction to backscatter ratio. This ratio plays an important
role in the interpretation and utility of data obtained by many remote sounding systems.
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Table 1
Carbon Composition of Aerosols
(percent by mass)

Layer 23 May 90 24 may 90
1 3.0 5.0
2 3.8 3.0
3 1.5 0.6
4 0.8 3.0
5 1.3 0.9
6 1.0 0.5
Table 2

Ensemble of Refractive Indices
Used in Calculations

Index of Refraction

Possible Aerosol

1.33 -

1.49 -

1.50

1.53 -

0.000i
0.000/0.006

- 0.000i/0.006i
1.52 -

0.000i/0.006i

0.000i/0.006i

1.59 - 0.000i

Water

Sea Salt

Rural (70% RH)
Rural (50% RH)
Ammonium Sulfate
Rural (0% RH)
Dust-like
Polystyrene Spheres
(for calibration)

Table 3
Optimal Choice Refractive Index

Layer

26 July 89

23 May 90 24 May 90

1

RO

1.49-0.000:
1.53-0.000i
1.49-0.000i
1.50-0.0061

1.49-0.0001  1.19-0.0001
1.49-0.0001  1.49-0.000i
1.49-0.000i  1.59-0.000i
1.52-0.0061  1.49-0.0001
1.49-0.000i  1.49-0.000i
1.49-0.0001 1.19-0.000i
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FPigure 1. Particle concentration profiles obtained on aircraft

ascent during the first field experiment on 26 July 1989.

13

(km)

ALTITUDE




(mb)

PRESSURE

(mb)

PRESSURE

T Ty T Ty T T Ty LR SAALRALL 1 ABERAEALL: SRS SR AR SR AR Rt | Trryy T T

48
00k 23 MAY 1990 DIA. * 0.13 um BLACK CARBON
}3 \, “ 17
b D!A. = 3.0um < ) \
= \ -
500+ =\ \ 6
\ AN
A DIA. * 0.57um | 15
600t L\ la
700 = \ \ i 3
800} ) I 12
—-— ASCENT ~= -~- ASCENT
800  — DESCENT —— DESCENT 11
1000 FEDUUITIT S TETIT U W B Y77 S USSR wYvT! | ENEETTT | Asasiaul il 1214 iaaxial 2 oaa1an 1 L
10-* 10-3 10-2 Tola 10° 10' 102 102 103 0 I00 200 302
PARTICLE CONC. (cm 3 -um™) CONC. (cm™®) CONC. (ng m'®)
YT AERRR R | T v Y eveTy MEAASALL BN AR ARLLL 1 vy rrry T T
24 MAY 199C BLACK CARBON -8
400 -~ <yDIA. = C.13.m ,
500 16
is
600 j
-‘4
700 -3
u
800 - .4‘2
— —— ASCENT = ~ j
900F  —— DESCENT X
1000 NPTV BT T B WS TTTY B G N CTIT DU WU T S ST U RVTTY W o PETEUTTY S S U UTTY i —_ jo
i0~* 1073 10-2 10! 10° 10" 02 102 103 0 100 200 300
PARTICLE CONC. (em 3 -um™) CONC. (em™®) CONC. (ng m™3)

Figure 2. Particle, condensation nuclei (CN), and black carbon
concentration profiles obtained on aircraft ascent and descent
during the second field experiment in May 1990.
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Figure 3. Particle concentration and optical scattering profiles
obtained for the aerosols present during the field measurements.
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July experiment.
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for the May 1990 experiment period.
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Pigure 7. A summary scatter plot of the agreement between the
calculated and measured nephelometer and backscattersonde aerosol
scatter ratios for all wavelengths. The coordinate of every point
is derived from the measured and calculated value for the

nephelometer at one of its three wavelengths or the

backscattersonde at one of its two wavelengths for the layers
defined in Figure 3. The magnitude of the uncertainty is
demonstrated on one point but applies to all points. The solid
line represents calculated = measured values.
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